INTRODUCTION
Dentistry is an expanding profession in Saudi Arabia. According the Saudi Commission for Health Specialties there were 5946 Saudi dentists in 2015, comprising 32% of all dentists working in Saudi Arabia. Musculoskeletal (MSK) pain is a major occupational health concern in dentistry. 1 The higher rates of MSK pain among dentists can be attributed to various physiological and ergonomic factors related to the profession. 2 Work-related factors include awkward postures and movements, frequent and prolonged use of vibrating tools, and time spent with each patient. 3 Additional factors include the dentists body mass index (BMI), lengthy working hours, number of walk-in patients and number of scheduled patients per day. 4 5 The frequency of awkward movements performed by dentists such as stooping, slouching, ducking, uncomfortable posture while sitting, and bending forwards and sideways for better manoeuvrability make dentists more prone to MSK pain. 2 6 Such prolonged and awkward postures mostly affect the back, neck and upper extremities. 2 6 MSK pain affects the quality of life of the dentist and may lead them to change profession to protect their health. [7] [8] [9] Lower back pain is common among dentists. Its prevalence was reported to be around 37% in a study from Surat, India, which revealed that mental health, gender Strengths and limitations of this study ▪ To our knowledge this is the first study in Riyadh to employ cluster random sampling. ▪ A variety of dental personnel were surveyed. ▪ Age, gender, marital status, specialty and poor workplace ergonomics contribute to musculoskeletal (MSK) pain in Saudi dentists. ▪ Larger controlled studies are needed to further identify risk factors associated with MSK among dentists. ▪ Further studies on dental training and ergonomics are encouraged.
and exercise play a vital role in the development of MSK pain. 10 A study of dentists carried out in New Zealand showed a prevalence of lower back pain of 54%, a prevalence of neck pain of 57% and a prevalence of shoulder pain of 52%. 11 A study from Saudi Arabia in 2001 demonstrated that dentists reported reduced visibility of the mouths of their patients and restricted movement due to lack of work space. 12 The study also reported that 55% of the sample population had neck pain while 74% had lower back pain that could potentially have been reduced by exercise. A more recent study in 2015 among dentists in Saudi Arabia showed that 85% have work-related MSK pain. 13 However, the study had major limitations. First, it reported on only 225 members of one dental association and included dental assistants, dental hygienists and dental technicians, which is not considered representative of the total dental population. A further limitation is that questionnaire validation was not described.
The present study aims to estimate the prevalence of MSK pain among Saudi dentists and identify common risk factors, thus allowing intervention measures to be planned and implemented.
MATERIALS AND METHODS Study design and sampling technique
This cross-sectional study was carried out in Riyadh over 1-month period and used random cluster sampling. A total of 150 hospitals and private polyclinics were randomly selected from the 15 administrative municipalities of Riyadh. Five government-run hospitals and five private polyclinics were chosen from each area using random numbers generated by Stata V.14. Five dental departments were randomly selected from each hospital or polyclinic and all dentists available were asked to take the survey.
The primary outcome of the study was the prevalence of MSK pain among dentists. Assuming a 95% confidence level, with an expected prevalence of 85% based on a previous study, 13 and 0.05 absolute precision, the required sample size was 196 dentists. Therefore, 224 questionnaires were distributed among dentists and a 91.1% response rate (101 women and 103 men) was achieved.
Study setting and subjects
The study was conducted in Riyadh, the capital city of Saudi Arabia. Riyadh is divided into 15 municipalities along with the Diplomatic Quarter. The study included male and female Saudi dentists who had worked as dentists for at least 1 year. Dentists with a history of orthopaedic trauma or congenital deformities (of the neck, back and upper extremities) were excluded.
Questionnaire
An existing English questionnaire was adapted for our study.
14 The questionnaire was carefully revised so that it fulfilled the objectives of the study. The questionnaire was divided into five main sections with a total of 98 questions. The first section was designed to collect baseline data from study participants on age, gender, marital status, weight, height, smoking, specialty, years of experience, time in contact with patients per day, other characteristics and performance of exercise (30 questions); the other four sections were designed to pool information about neck (16 questions), upper extremity (45 questions) and lower back pain (7 questions) experienced over the previous year. The duration, frequency and intensity of pain was noted. Other related data such as seeking medical attention, quitting the job and taking sick leave were also collected. A 0-10 numeric rating scale for pain severity was used: mild pain was defined as a score between 0 and 4, moderate pain as a score between 5 and 7, and severe pain as a score between 8 and 10.
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Data management and analyses The Statistical Package for Social Sciences (SPSS) V.22 was used for data management and analysis. Descriptive analyses were carried out by calculating the frequencies and percentages for the categorical variables, while continuous variables were summarised as the mean±SD.
Prevalence was calculated with a 95% CI. Univariate and multivariate analyses of logistic regression were conducted to investigate risk factors related to MSK pain in dentists. The univariate model was employed using one predictor at a time to obtain the OR without adjusting for other predictors. The relationship between MSK pain and its potential predictors was determined using forward stepwise logistic regression analysis with a probability of 0.05 for a variable to enter the model. The 95% CI, OR and adjusted OR (aOR) were reported. All the tests were considered significant if the p value was less than 0.05.
Ethical considerations
Participation in the study was voluntary, and each participant could withdraw from the study at any time. The questionnaire was accompanied by a cover letter explaining the purpose of the study and reassuring respondents of the confidentiality of the survey. Ethics approval was obtained from the institutional review board of the King Abdullah International Medical Research Center, National Guard Health Affairs, Riyadh, Saudi Arabia.
RESULTS

Baseline characteristics of study participants
One hundred and three (50.5%) of the questionnaire respondents were male with a mean±SD age of 38.0 ±10.6 years for male and female dentists combined. One hundred and thirty (63.7%) participants were married, and all dentists had an average of 13.1 (±10.2) years of experience working as dentists. The mean BMI of participants was 26.6 (±4.7), and 46 (22.5%) of the sample were smokers. Seventy per cent (142) of the participants reported they did not take exercise or engage in sports or fitness activities. Restorative dentists constituted 30.9% of the study population. We found that 89.2% (182) of participants were righthanded and all dentists worked for a mean of 7.6 hours daily with their patients. In addition, 154 (75.5%) participants frequently bent and twisted themselves to gain better access to and visibility of the oral cavity. Pain caused a reduction in the various activities of daily living in 163 (79.9%) of the sample. Table 1 summarises the baseline characteristics of the dentists who participated in the study.
Prevalence of work-related MSK pain over a 12-month period As figure 1 shows, 90.2% (n=184) of the dentists reported MSK pain. Lower back pain had the highest prevalence and was experienced by 68.1% (n=139) of all dentists. The prevalence of neck pain was 34.3% (n=70), while 34.3% (n=68) reported shoulder pain, and 22.1% (n=45) experienced hand and wrist pain.
Characteristics of work related MSK pain over 12-month period Notably, pain episodes in 86.5% of study participants lasted for less than 4 weeks. The frequency of pain attacks depended on the pain site: the 46.8% of the participants who reported lower back pain experienced the same pain more than five times during the previous year, as did the 11.1% of the sample population who reported either hand or wrist pain. The severity of MSK pain varied among study participants: 28.3% reported the pain was mild, 7.4% that it was moderate and 64.3% that it was severe. Twelve per cent of participants had taken sick leave during the previous 12-month period because of MSK pain, but only 3.8 had sought medical care. Table 2 details the MSK pain characteristics as reported by the study sample.
Univariate logistic regression analysis of the predictors of MSK pain Age was associated with shoulder pain and lower back pain in the univariate analyses. There was no association between gender, BMI or smoking habit and MSK pain. However, marital status was significantly associated with lower back pain, with married participants experiencing more lower back pain than single participants (OR 0.33; 95% CI 0.18 to 0.62).
In addition, lower back pain was related to the time the dentist spent with patients (OR 0.28; 95% CI 0.14 to 0.54), while shoulder pain (OR 1.03; 95% CI 1.00 to 1.06) and lower back pain (OR 1.06; 95% CI 1.03 to 1.10) were significantly related to years of experience.
Periodontists, orthodontists, restorative dentists, prosthodontists and paediatric dentists experienced more MSK pain than general dentists or maxillofacial surgeons. Shoulder and lower back pain was more common among dentists who did not take any exercise and among dentists who did a lot of bending and twisting. Table 3 details the univariate analyses of MSK pain over the previous 12 months. Forward stepwise multivariate logistic regression analysis of MSK pain predictors Gender, age and marital status were found to be predictors for at least one type of MSK pain. Older age was associated with lower back pain (aOR 1.07; 95% CI 1.03 to 1.11), women had double the risk of lower back pain compared with men (aOR 2.17; 95% CI 1.12 to 4.20), and participants who did not exercise had more shoulder pain than those who did exercise (aOR 2.31; 95% CI 1.14 to 4.69).
Marital status was associated with MSK pain (aOR 0.12; 95% CI 0.04 to 0.42) as was orthodontic and paediatric dentistry (aOR 11.84; 95% CI 1.28 to 109.49). More importantly, excessive bending and twisting for better access to the oral cavity was significantly associated with MSK pain, shoulder pain and lower back pain. Table 4 summarises the results of forward stepwise multivariate logistic regression analysis of MSK pain over the previous 12 months. DISCUSSION MSK pain is common among dentists with various factors increasing its prevalence. As previous studies have shown that dentists experience common MSK symptoms, 1 3 7 8 11 13 16 it is important to investigate the causes contributing to this work-related pain among Saudi dentists. When these factors have been identified then ergonomic solutions can be implemented.
The present study aimed to investigate the prevalence of MSK pain and identify potential risk factors among dentists in Riyadh, Saudi Arabia. The study reveals a high prevalence of MSK pain during the previous 12 months among Saudi dentists in Riyadh (92.5%) with age, gender, specialty and poor workplace ergonomics being predictors of MSK pain. The 92.5% prevalence of MSK pain is higher than that reported in other countries such as India, Iran, China and Australia [17] [18] [19] [20] and is much higher than that found by Alghadir et al. 13 The present study also showed that the prevalence of neck pain was around 34.3% which is much lower than that among Dutch and Australian dentists who reported neck pain prevalences of 51% and 57.5%, respectively. 21 22 However, the 27.6% prevalence of neck pain in our study was higher than the prevalence of 19.8% reported in Saudi Arabian dental hygienists. 12 MSK pain among Saudi dentists in Riyadh (92.5%) is much higher than among the general population in Saudi Arabia. 23 MSK pain was reported by 1477 (25.4%) respondents in the community, of whom 762 (13.1%) were men and 715 (12.3%) were women. Also, 31.2% of 1000 adults above 18 years of age surveyed in a recent study complained of MSK pain during the period of the study. 24 MSK pain among construction workers in Saudi Arabia was also found to be lower than in our sample with 80 (48.5%) of 165 workers reporting MSK pain. 25 The 34.3% prevalence of shoulder pain among our participants was lower than the 60% reported in US dental hygienists. 26 Furthermore, a much higher prevalence of 81% was found among Swedish dental hygienists. 27 Another study carried out among dental personnel in Saudi Arabia revealed that 61% of respondents experienced shoulder pain. However, that study included dental hygienists, dental assistants and dental technicians, in addition to dentists, thus limiting the comparability of the findings to our results. 13 5
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In addition, 44% of Polish dentists reported hand and wrist pain, 3 which is much higher than the 22.1% who experienced such pain in our study. However, our findings were similar to those of a Dutch study where 14% and 21% of dentists experienced wrist and hand pain, respectively. 21 A literature review of the general health of dentists stated that dental hygienists experience a higher prevalence of hand and wrist pain. 28 Previous reviews showed that lower back pain was the most common MSK problem amongst dentists. 2 28 This agrees with our study where 68.1% of dentists experienced lower back pain and a Polish study which demonstrated a prevalence of 60.1%. 3 Similarly, 60% of Danish dentists 29 and 53.7% of dentists in Queensland, Australia reported lower back pain, 22 while a previous study from Saudi Arabia showed that 60% of dentists had lower back pain. 13 This lower figure from Saudi Arabia could be explained by the inclusion of only 225 members of one dental association in addition to dentists from other countries.
Age, gender, marital status, specialty and awkward posture and movements, like twisting and bendng, contribute to the high prevalence of MSK pain among Saudi dentists. Studies have shown that MSK symptoms increase with age as older dentists have spent more time with patients and eventually experience complicated pain. 30 There were inconsistent findings concerning the effect of the number of years worked on the incidence and prevalence of MSK disorders. Some studies reported that MSK disorders increase by years of work. 31 MSK symptoms were significantly associated with work experience at the univariate level, but other studies showed that MSK pain in dentists was negatively correlated with years worked. 22 29 Some researchers and scholars believed that dentists with a lot of experience learn to adapt their work posture and avoid MSK disorders, or that dentists with MSK problems might leave dentistry as a profession. 9 The study also showed that female dentists were approximately 1.5 times more likely to experience shoulder pain than male dentists. Similarly, a study of Thai dentists found that female dentists experienced worse shoulder pain than their male counterparts. 32 Another study among dentists from New South Wales, Australia, revealed that female dentists were more likely to rate their pain as very severe but that gender was not statistically significant in multivariate analysis of overall MSK pain. 33 A study conducted by Muralidharan et al 34 revealed almost the same findings. Marital status was found to be associated with lower back pain. Married participants had more lower back pain than single participants, which finding was consistent with other studies that investigated lower back pain in the general population. [35] [36] [37] Marriage can also affect physiological mechanisms after it is consummated. 36 Awkward postures while sitting and bending and twisting are highly associated with shoulder and lower back pain. A study conducted on the working postures of dentists and dental hygienists found that 86% of the time they worked with their neck bent (flexed) by at least 30°, and at least 50% of their time with their trunk flexed by at least 30°. 38 Studies have shown that excessive flexion can cause stress to the spine and limbs. 39 When dentists are operating, they often have to hold their wrists in an awkward position to access the mouth and provide optimal treatment. In addition, using small dental instruments is stressful as it requires nimble fingers and uncomfortable shoulder positions, which eventually create overload and pressure on the shoulder. Future studies are recommended to investigate possible correlation between different tool sizes and MSK symptoms so that workplace ergonomics in dentistry can be improved. As the present study shows, the time the dentist spent with each patient was highly correlated with the presence of lower back pain. Participants working for more than 2 hours without a break are more likely to have neck and lower back pain. A previously study reports that over 90% of dentist's time was taken up with appointments which lasted 10-60 min. 20 A study on Danish dentists showed that the length of appointments seemed to influence neck pain, 29 while another study showed that patient treatment time was positively associated with MSK pain. 40 Moreover, paediatric dentists, periodontists, prosthodontists, orthodontists, restorative dentists and endodontic dentists were reported to be more likely to have MSK pain compared to general practitioners or maxillofacial surgeons. Rafie et al 19 stated that oral surgeons and prosthodontists were the groups most likely to have MSK disorders. Ratzon et al 31 also showed that the high prevalence of MSK disorders in oral surgeons was caused by very stressful work. In addition, Varmazyar et al 41 showed that prosthodontists were more likely to have MSK pain because they were required to move more during their work and oral surgeons because their work required great concentration, endurance and stamina.
The current study also shows a significant association between regular exercise and less MSK pain. Dentists who took even a small amount of exercise were less likely to experience lower back pain than dentists who took no exercise. Indeed, regular aerobic and stretching exercises are key for preventing damage and strengthening the MSK system in dental workers. 42 43 However, the present study showed that more than 69% of dentists did not take regular exercise in contrast to a study carried out in China where only 30% of dentists reported no exercise. 20 The working environment and normal daily activities of dentists are negatively affected by the high prevalence of MSK pain. The present study revealed that MSK pain caused a reduction in activity in 79.9% of respondents. In addition, 12% of participants took sick leave during the previous 12 months because of work-related pain, 3.8% sought medical care for pain, and in 1.6% MSK pain was severe enough to cause them to change their profession. A study carried out in Baghdad showed that 24% of dentists resigned because of MSK pain, and in another study from Queensland, Australia, one in 10 dentists had taken sick leave during the previous 12 months. 1 22 One study showed that 46.6% of dentists in Surat, India sought medical care for MSK symptoms, which is alarming. 10 MSK disorders cost billions of dollars every year. For instance, in Canada, MSK disorders cost $C25.6 billion in 1994, with $C8.1 billion spent on back and spine disorders. 44 Another study showed that MSK pain causes many dentists to decrease their working hours or leave the profession altogether. These negative effects have significant consequences for society and the economy. 44 45 Prospective studies should be carried out on the longitudinal effects of physical and psychosocial risk factors on the development of MSK symptoms in dental practitioners. Self-reported surveys may introduce bias but are inexpensive and convenient for collecting primary data. Physical examinations and assessments are more reliable but are expensive and time-consuming. Interpretation of published data should be done cautiously as definitions of MSK disorders, sample populations, response rates, prevalences and other contributory factors may vary.
It is important to control pain as it has a negative effect on dentists' performance. Therefore, measures to manage pain should be carefully designed and thoroughly evaluated. Non-compliance, insufficient education about pain control and ineffective policies to improve the working environment are major challenges to providing better pain management and minimising occupational MSK. [46] [47] [48] 
RECOMMENDATIONS
The present study reveals that there is a high prevalence of MSK pain among Saudi dentists in Riyadh. Therefore, it is recommended that the ergonomics of dental surgeries be improved. Training courses covering occupational health, ergonomics, workplace organisation and psychosocial coping skills should be offered to dentists. Further studies on the ergonomics of dental surgeries are encouraged.
